Gilthead sea bream (Sparus aurata) were fed in triplicate groups with a commercial 35 standard diet from the juvenile stage to male-female sex reversal under natural day-36 length and temperature conditions. Every 3-4 months during the two-year production 37 cycle, 9 fish were randomly selected and sampled for flesh composition analyses of 38 total lipid levels and fatty acid (FA) composition. Curvilinear regressions fitting total 39 lipid levels and % FAs in total lipids were made to underline the differential distribution 40 of a given fillet FA within neutral and polar lipid fractions. This dataset along with 41 published results on market-size fish were combined for multilinear regression 42 approaches, with the aim of describing strong relationships (P < 0.0001) between fillet 43 FA composition and two independent variables: dietary FA composition and fillet lipid 44 level. For saturated (14:0, 16:0, 18:0) and monounsaturated (16:1n-7, 18:1n-7, 18:1n-9, 45 20:1n-9) FAs, the overall variance in fillet FA composition is primarily explained by 46 dietary FA composition and secondly by fillet lipid level. This second independent 47 variable also contributes to explain the variations observed in arachidonic acid (20:4n-6) 48 and docosahexaenoic acid (22:6n-3), but a statistically significant contribution is not 49 found for linoleic acid (18:2n-6), linolenic acid (18:3n-3), eicosapentaenoic acid (20:5n-50 3) and docosapentaenoic acid (22:5n-3). The consistency of these predictive equations 51 in our particular rearing conditions was proved by means of a test validation trial, using 52 fish fed an experimental diet based on plant proteins and fish oil. unchanged with highly predictable effects on meat FA composition (Chesworth et al., 66 1998; Kouba and Mourot, 2011). However, factors other than diet (e.g., genotype, 67 gender, age and production system) have a significant influence on the fillet lipid level 68 and thus on the FA composition of most animal products (Wood et al., 2008). In 69 particular, the association between dietary and fillet FA composition is likely to be 70 stronger in oily fish than in lean fish (Turchini et al., 2009). In addition, close 71 associations between dietary and fillet FA composition are more likely to be produced 72 with non-endogenously synthesised FAs. This is especially true for marine fish due to 73 their limited ability to convert C18 FAs into long chain polyunsaturated FAs (LC-74 PUFAs) of n-6 and n-3 series (Sargent et al., 2002; Tocher, 2003). 75
Introduction 63 64
Dietary fatty acids (FA) in fish and terrestrial monogastrics are absorbed 65 unchanged with highly predictable effects on meat FA composition (Chesworth et al., 66 6 mix from Supelco (Bellefonte, PA, USA). BHT and internal standard (19:0) lipids (g/100 g fillet). The resulting complete dataset contained more than 100 179 independent entries from fish fed diets with a wide range of FA compositions (0.9 < 180 EPA + DHA % dry matter < 2.7) due to combined replacement of fish meal and fish oil 181 with plant ingredients. Dispersion of residuals from regression equations were 182 visualised by plotting differences between observed values and the corresponding 183 predictions against predicted values. 184 7 multilinear regression analysis. All analyses and graphs were made using SPSS (version 197 19) and SigmaPlot (version 11.0) The active feeding period of gilthead sea bream was from March to October and 205 fish weight gain followed the changes in feed intake driven by the natural changes in 206 temperature and photoperiod (Fig. 1A) . Briefly, one-year-old fish reached 170-190 g 207 body weight with overall daily growth coefficients (DGI = [100 x (final fish weight 1/3 -208 initial fish weight 1/3 )] of 1.1-2.9 from March to October. Two-year-old fish with an 209 average body weight of 780 g at the early autumn were males who become females in 210 the following spring, weighing more than 1 kg at the finishing summer (Fig. 1B) . 211
Growth and fillet adiposity were regulated in concert, and total lipids (g/100 g fillet) 212
increased from 6% (May 2008) to 11% (July 2010), following a pronounced seasonality 213 that reached a maximum with the replenishment of body fat stores at early autumn (Fig. 214 1C) . 215
As shown in Table 1 , dietary FA composition in % FAMEs remained relatively 216 unaltered over the course of the study with overall percentages of variation lower than 217 10-15%. At the fillet level, almost all FAs varied significantly over the course of the 218 study in at least one sampling time. Overall, monounsaturated FAs (MUFAs) increased 219 with the increase of fillet lipid content, whereas the trend for saturated FAs (SFAs) and 220
PUFAs was the opposite. These two different trends are graphically illustrated in Fig. 2  221 by means of curvilinear curves plotting fillet lipid content (X-axis) against fillet FA 222 composition (Y-axis). In particular, oleic acid (OA, shows an exponential 223 growth relation, plateauing at 8-10% fillet lipid level. Conversely, arachidonic acid 224 (ARA, and DHA show exponential decays, also plateauing at 8-10% fillet lipid 225
level. 226
In multilinear regression approaches with fillet FA as dependent variable, the 227 complete dataset from this and our own published results fit well to empirical equations 228 with statistically significant coefficients of correlation (P < 0.0001) for SFAs (14:0, 229 < 0.0001) were also found for LA, LNA, ARA, EPA, DHA and docosapentaenoic acid 231 (DPA, (Fig. 4) . However, the relative contribution of each independent 232 variable to the total correlation is different among FAs. Thus, the majority of variance 233 for LA, LNA, EPA and DPA was explained by the dietary variable, whereas for SFAs, 234
MUFAs, ARA and DHA a statistically significant contribution (P < 0.05) was found for 235 the two independent variables. In the scatter plot of residual There is growing evidence that the most important limiting factor for the 248 replacement of marine feedstuffs with plant ingredients in fish feeds is related to 249 possible effects on fillet quality rather than to fish growth performance (Bell and 250 Waagbo, 2008; Turchini et al., 2011) . In fact, even in freshwater and salmonid fish, 251 feeds with reduced levels of fish oil leads to reductions in EPA and DHA, which is 252 indicative that fillet FAs are predominantly a reflection of dietary FA composition and 253 that endogenous LC-PUFA pathways have only limited ability to alter this (Tocher, 254 2010) . A simple dilution process is a reasonable model to explain the FA changes 255 observed with finishing fish oil diets in a wide range of fish species, including gilthead 256 sea bream (Glencross et al., 2003; Robin et al., 2003; Jobling, 2004; Turchini et al., 257 2006; Benedito-Palos et al., 2009; Szabó et al., 2011) . Linear associations between 258 dietary FA intake and FA composition have been reported in Atlantic salmon (Salmo 259 salar) (Bell et al., 2001 (Bell et al., , 2002 (Bell et al., , 2003 and Atlantic cod (Gadus morhua) (Karalazos et 260 al., 2007) , but results are not consistent enough to develop a predictive model. This may 261 be due to selective retention or metabolism of individual FAs, which is largely 262 influenced by age, ration level, dietary lipids and exercise (Kiessling et al., 2001 (Kiessling et al., , 2005 on dietary information have been proved to have a highly predictive value for fish of a 265 given class of size and nutritional condition (Benedito-Palos et al., 2011) . However, this 266 constitutes a simplified approach, and the present study is the first report yielding 267 multiple linear regression equations with fillet lipid level as a second independent 268 variable for effectively modelling the fillet FA composition along the production cycle 269 of a typical marine fish. 270
The FA composition of phospholipids (PL) is more stable than other lipid 271 fractions (Regost et al., 2003; Tocher, 2003; Benedito-Palos et al., 2008) plotted against % FA in total lipids. In the present study, similar associations were 277 found for MUFAs and LC-PUFAs. In particular, the best-fit for OA was an exponential-278 growth curve, which agrees with a preferential distribution of this FA in neutral rather 279 than PL lipid fractions (Henderson and Tocher, 1987) . Conversely, the best fits for 280 ARA and DHA were exponential-decay curves, which are indicative of the preferential 281 distribution of LC-PUFA in the PL lipid fraction (Jump, 2002; Sargent et al., 2002) . 282 A general statement is that the FA composition of animal products is highly 283 influenced by fillet lipid level and reproduction condition (De Smet et al., 2004) . Thus, 284 castration of piglets is responsible for increased lipid deposition (Mersmann 1984; 285 Mourot et al., 1999) , and studies comparing castrated and intact animals in pigs and 286
sheep support the hypothesis that most gender effects on FA composition are the 287 indirect result of differences in tissue lipid levels (Okeudo and Moss, 2007; Peinado et 288 al., 2008) . Lipid deposition rates and fillet FA composition are also affected by 289 reproductive status in fish (Almansa et al., 2001; Pérez et al., 2007) , although 290 differences in tissue FA composition within and across species might also reflect 291 changes in specific enzyme activities involved in FA metabolism (Ntawubizi et al., 292 2009 ). Besides, lean strains of Atlantic salmon accumulate n-3 LC-PUFA more rapidly 293 than fatty fish during the early stages of wash-out process with a fish oil finishing diet 294 (Bell et al., 2010) . It is not surprising, thereby, that in our regression modelling 295 approach including data from juvenile and mature fish the independent variable fillet 296 lipid level contributes highly to explain the variability observed in FA markers of deby switches in fillet lipid content. Nevertheless, given the limited ability of marine fish 299 to synthesize LC-PUFA from C18 PUFA, it is not surprising that either upstream (LA, 300 LNA) or intermediate (EPA, DPA) FAs of n-3 and n-6 biosynthetic pathways become 301 independent of the fillet lipid level. Earlier studies in salmonids (Rasmussen, 2001; 302 Solberg, 2004; Hemre and Sandnes, 2008) and marine fish (Company et al., 1999; 303 Grigorakis and Alexis, 2005) have demonstrated a close association between lipid 304 intake and fillet adiposity. Attempts to measure the fate of individual FAs towards 305 desaturation, elongation and oxidation have also been made in Murray cod 306 (Maccullochella peelii peelii) (Turchini et al., 2007) , but to our knowledge the present 307 study is the first report giving a strong mathematical association between fillet lipid 308 level and fillet FA composition in a marine fish. 309
Results presented here are also of relevance in that dispersion of residuals from 310 predictive regression equations are distributed homogenously regardless of data source. 311
However, it is noteworthy that data included in the present study correspond to different 312 experiments, in which fish had undergone similar rearing conditions under the same 313 standards of handling and maintenance. This leads to a decrease in the experimental 314 statistical error that ultimately translates into the increase of the quality of the regression 315 results. Thus, although the validation test gives good results, further work is needed to 316 extend the results obtained here to other fish species, genotypes and farming conditions. 317
In this regard, recent data show that fillet n-3 LC-PUFA composition is a highly 318 heritable trait in Atlantic salmon (Leaver et al., 2011) and Nile tilapia (Oreochromis 319 niloticus) (Nguyen et al., 2010) . 320
Although a number of studies have been undertaken to compare sensory and 321 nutritional aspects of farmed fish species with their wild counterparts (Haard, 1992; 322 standard diet is far from providing 1.5 g per 150 g portion. Therefore, more than two 333 ration portions are needed if gilthead sea bream is reared with diets rich in plant oils 334 without a fish oil finishing diet. In this context, the model as presented here can be of 335 use as a valuable predictor of EPA and DHA levels in fish fed alternative plant 336 ingredients. 337
In summary, fatty acid composition of diet and fillet lipid level highly contribute 338 to explain the total variance in fillet FA composition using a regression modelling 339 approach. The application of such species-specific predictions would strengthen the 340 potential for tailoring the fillet FA composition of gilthead sea bream through the entire 341 production cycle, helping to face the nutritional recommendations and the concomitant 342 line is the plotted regression calculated for 13 FAs.
Table 1
Fillet lipid content (g/100 g fillet) and fatty acid composition (% fatty acid methyl esters) of gilthead sea bream grow-on a commercial diet. FA composition of diet is given as the range value of two technical replicates for each pellet size (2, 4 and 6 mm). Data on fillet FA composition are presented as mean and standard deviations of 8-9 individual fish samples. Statistically significant differences in fillet FA composition were found in all the analysed FAs in at least one sampling time (one-way ANOVA, P < 0.001). ‡ Includes 15:0, 17:0, 20:0 and 22:0; 
